ABSTRACT. The cow-calf beef production sector in Brazil has a wide variety of operating systems. This suggests the identification and the characterization of homogeneous regions of production, with consequent implementation of actions to achieve its sustainability. In this paper we attempted to measure the performance of 21 livestock modal production systems, in their cow-calf phase. We measured the performance of these systems, considering husbandry and production variables. The proposed approach is based on data envelopment analysis (DEA). We used unitary input DEA model, with apparent input orientation, together with the efficiency measurements generated by the inverted DEA frontier. We identified five modal production systems typologies, using the isoefficiency layers approach. The results showed that the knowledge and the processes management are the most important factors for improving the efficiency of beef cattle production systems.
INTRODUCTION
Agribusiness is responsible for 25% of Brazilian GDP, 8% represented by livestock (CEPEA, 2009) . Within this sector, the beef complex is consolidated as an important link in the production and international trade: Brazil is the largest exporter and the second largest producer of beef.
Taking into account each phase of the beef cattle production systems and based on a cost-benefit analysis, it can be concluded that the cow-calf phase is the less profitable activity and the one that has the greater risk. However, it supports the entire structure of the production system and, according to Euclides Filho (2000) , all technological investment that can improve efficiency will benefit the whole productive chain.
The systemic view has an undeniable importance in agriculture, although it is not yet sufficiently established in the Brazilian agricultural research. The aim of this study is to evaluate the performance of extensive livestock modal production systems in its cow-calf phase. We intend to measure the performance of these systems in some Brazilian municipalities, considering husbandry (zootechnical) and production variables, which have a direct impact on the income of the system. Additionally, we intend to identify types, or typologies, of some modal systems. We use data envelopment analysis (DEA), with unitary input and apparent, but false, input orientation. This is a DEA use as a multicriteria tool. The typologies are obtained according to the so called isoefficiency layers.
Typology is a theoretical construction based on a set of hypotheses about the structure or behavior of a system. It takes into account the diversity of components and their interrelationships. It is a categorization method based on the most important variables that compose the systems. In agricultural sciences, typologies have been used to support the characterization of the main production systems put in place by farmers in a given geographic area. The typologies of livestock production systems are based on the availability of production factors, qualitative information, and socio-economic, environmental and animal husbandry parameters. In the literature we can find different approaches to address this problem, focused on livestock systems (Halberg et The paper is organized as follows. After this brief introduction, Section 2 describes the data source. In Section 3 we present the DEA models general aspects, as well as the specific model selected for this case study. Then we present the proposed modeling, and the results are discussed in Section 5. Section 6 presents conclusions, followed by the bibliographic references cited throughout the paper.
DATA SOURCE
This paper and its findings are part of a project that aims at the diagnosis of the current situation of beef cattle production systems, featuring the agro-ecological and the socio-economic context where they belong to.
We evaluated 21 beef cattle modal production systems that performed only the cow-calf, in seven Brazilian states. Data were collected in the municipalities of the following states: Mato Grosso do Sul -MS (eight), Goiás -GO (four), Rio Grande do Sul -RS (one), Minas Gerais -MG (four), Tocantins -TO (two), São Paulo -SP (one), Bahia -BA (one).
Panels were performed for collecting data, according to the methodology described by Centro de Estudos Avançados em Economia Aplicada (CEPEA, 2010). The primary data collection via the panel system allows the definition of representative properties, as described in Plaxico and Tweeten (1963) . In the case of studies regarding rural production units, the same authors suggest the representative farm system as the ideal one. However, some definitions and assumptions should be adopted, the features must be constantly revisited and the production data often revised to reflect the technological advances.
The panel is an information retrieval procedure less costly than the census or the sample of farms. Another advantage is that it provides greater flexibility and versatility in the data updating, without compromising their quality.
The technique consists of a meeting with a group of one or more researchers, regional technicians and five to ten farmers (usually eight farmers, on average). Meetings are scheduled in advance by the rural unions and/or regional contacts. Themes and variables are previously determined in interviews with local technicians, and are then discussed with the farmers.
Despite the difficulty of characterizing a single property and a production system that is representative of the locality under study (here the city), the method seeks, through the experience of the participating famers, to characterize the property that is most commonly found in the region . In some areas, the impossibility of determining that typical farm imposes the choice of more than one property or production system as being the representatives. The information obtained in Steps 1 and 2, referring to the operational processes that determine the production costs and the productivities, will be filled in the spreadsheets to facilitate Step 4.
The facilitators use a laptop computer and a device designed to project the sheets previously prepared (Step 3), so that all participants can interact, Different technical coefficients (quantity of inputs), price and frequency of use are presented to the group that discusses and refines the information. At the end of this debate, one can say that any characterization of the typical property in the region has the backing of the farmers. As a result, the productivity rates, costs of deployment, fixed and variable costs, i.e. all the figures resulting from the panel, tend to be quite close to the regional reality.
It is noteworthy that the rates and costs reported by each participant will not be related to their properties, but with a single farm, declared at the beginning of the panel as the one that best represents the size and the production systems of most of the local properties (Carvalho et al.,
2009).
A preliminary analysis of the results of these panels, using multivariate techniques in order to classify the different modal systems, can be seen in Abreu et al. (2010) . The authors identified six out of 18 variables as those that characterized the beef cattle modal production systems performing the cow-calf phase, namely, calving interval, offspring produced, age of cow at culling, multiparous cows birth rate, and cow replacement rate. These six variables were the basis for the study here presented.
DATA ENVELOPMENT ANALYSIS (DEA)

General aspects
DEA is an efficiency analysis approach based on mathematical programming models. Its goal is to calculate the efficiency of productive units, called decision making units or DMUs, knowing the level of resources used and the results obtained.
DEA optimizes each individual observation, in order to estimate a piecewise linear efficient frontier, composed of the units with the best practices in the evaluation sample (Pareto-Koopmans efficient units). These units are the reference or benchmarks for the inefficient ones.
The two most popular DEA models are the CCR (Charnes et al., 1978) and the BCC (Banker et al., 1984) . The CCR model assumes the hypothesis of constant returns to scale. The BCC model imposes variable returns to scale i.e. replaces the axiom of proportionality by the axiom of convexity. Traditionally there are two possible radial orientations to these models in the quest for efficiency frontier: input-oriented, when one seeks to minimize the resources remaining unchanged the production levels, and output-oriented, which implies increasing the products without changing the amounts of inputs used.
Model (1) represents the linear form of the input-oriented DEA CCR multipliers (a) and envelope (b) formulations. In (a), h 0 is the efficiency of DMU 0 under consideration; x ik is the input i, i = 1 . . . r , of DMU k, k = 1 . . . n; y jk represents the output j, j = 1 . . . s, of DMU k; v i is the weight for input i; u j is the weight assigned to output j; x io and y jo are the inputs i and the outputs j of the DMU 0, respectively. In (b), h 0 is the efficiency of the DMU 0 under evaluation. Note that the linear programming problems (a) and (b) are dual, and thus have the same objective function value, i.e. h 0 = θ 0 • λ k is the contribution of DMU k in the calculation of the target of DMU 0 (the units with non-zero λ k are the benchmarks of the DMU 0).
The BCC, in its primal and dual formulations, can be obtained from the model (1), adding the convexity constraint to the envelope model -k λ k = 1 -and the scale factor to the multipliers model.
Min θ 0 subject to subject to
In order to model and to interpret correctly DEA results it's necessary to know the properties of their models. Two of the most important are (Gomes et al., 2009b):
-In any DEA model, the DMU that presents the best (output j ) (input i ) ratio will always be efficient. This property requires checking the existence of a causal relationship between each input and each output. Ignoring this relationship can lead to meaningless results (Gomes et al., 2009a (Gomes et al., , 2009c ).
-The chief property of the CCR model, which in its fractional form is a homogeneous function of degree zero, is the proportionality between inputs and outputs at the frontier. This has the consequence that the increase (decrease) in the amount of inputs, causes a proportion increase (decrease) in to the value of the outputs.
Unitary input DEA model
The case study of this paper was based on a previous study, in which the variables were selected by means of multivariate methods to characterize beef cattle modal production systems. By analyzing these variables we noticed that they are secondary variables, in the sense that they are rates or combinations of primary variables. In this kind of situation, we do not have a classic production model -resources × products -to be modeled by DEA. These variables can be seen as the result of the productive system, which already include the possible resources (technology).
In this case, DEA should be modeled only with outputs, which would cause mathematical impossibilities, as discussed in Lovell & Pastor (1999). To overcome this difficulty, we can consider a DEA model with outputs and a single unitary input. This model would be equivalent to an additive multicriteria model, with the particularity that the alternatives, here DMUs, assign weights to each criterion, here outputs, ignoring any decision-maker value judgment. That is, the DEA is used as a multicriteria tool, not as a classic efficiency measure technique.
Caporaletti et al. (1999) interpret this situation as a multiattribute model. This model is shown in (2) .
Soares de Mello et al. (2008a Mello et al. ( , 2008b Mello et al. ( , 2008c showed that this model resembles the input-oriented CCR model. However, the dual of model (2), presented in (3), does not allow the reduction of inputs interpretation, and is therefore immune to the common criticism that this model tries to reduce an input that is constant.
Additionally, it can be shown that the variable returns to scale model does not make sense in this case. In fact, from model (3) it can be obtained model (4), by adding the convexity constraint. It is immediate to verify that the only feasible value for the objective function of this model is 1. Thus, its adoption would make all DMUs efficient, which is nonsense for evaluation purposes.
Applications of such models can be found in, for example, 
Inverted frontier
By allowing each DMU to choose its own set of weights, DEA becomes a benevolent evaluation technique. In its original formulations it's allowed the assignment of zero weights to the multipliers, as well as ties for the efficient DMUs. Because of this last feature it is impossible to obtain complete rankings of efficiency measures, and increasing discrimination in DEA has been studied in the literature. 
MODELLING
In order to structure any DEA model it is necessary to define the units to be evaluated (DMUs), the variables to be the modeled (inputs and outputs) and the specific DEA hypotheses (CCR, BCC, among others; input-oriented, output-oriented etc.).
The structuring of the problem may also consider the reference literature on the subject. We can state that it is recent the use of DEA models for modeling and evaluating the efficiency of beef cattle production systems in Brazil (Gomes, 2008). Abreu et al. (2006) analyzed the efficiency of a cattle production system in the Pantanal of Corumbá, where technologies have been implemented over eight years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . They took into account information on ten inputs spending categories and one output category. The authors used principle components multivariate analysis with the aim of reducing the number of input variables. The methodology identified the sources of inefficiencies in terms of unnecessary supplies expenditures, a fundamental aspect for the producer when making decisions. Additionally, the analysis enabled the evaluation of efficient years in relation to the inefficient ones, so that the efficient years were benchmarked for adopting new practices, improving livestock management and balancing the inputs spendings.
With the same economic data recorded during the above mentioned period, Abreu et al. (2008) evaluated two approaches for choosing variables for the DEA analysis: the first was a variant of the multicriteria variable selection method, which combines the conflicting goals of decision units better ordering and higher average efficiency, and the second includes multivariate statistics techniques. In both models (with six inputs and one output, and three inputs and one output, respectively) the efficiency results were analyzed over the classical and inverted DEA frontiers, beyond the composite index that combines both results. The best model, as assessed by linear trend analysis, was obtained with the proposed variant of the multicriteria variable selection method, whose composite index resulted in significant estimates of the regression (0.046) and determination (0.700) coefficients.
Gomes et al. (2011) evaluated the economic and the socio-environmental performance of 21
beef cattle modal production systems that perform only the raising phase, the same DMUs that are considered in this paper. The authors implemented two DEA BCC models following two different approaches. The economic model measured the ability of a production system to generate revenue with the preservation of native forest, using labor, capital and current spending. In the socio-environmental approach, the production factor "labor" was modeled as an output, and the interest was to assess whether the capital costs generate economic, environmental and social benefits. Weights restrictions were imposed on the output variables of each model to explain the proposed approaches and to avoid inconsistent results. The results pointed out sources of inefficiency in terms of labor with low qualification, and use of questionable quality bulls, which are common in extensive systems. The authors state that these are some of the major bottlenecks in animal production systems as a whole.
DMUs
The goal of the DEA model proposed here is to measure the performance of the rancher decision. Thus, the DMUs are the 21 beef cattle modal production systems, identified from the panel discussions in 21 cities from seven Brazilian states.
Variables
The variable selection in DEA is a step of great importance, as it determines the quality of the results. A model with many variables can lead to an extremely benevolent assessment, with several 100% efficient DMUs. In the case of cow-calf modal systems performance evaluation the variables were chosen based on the preliminary study of Abreu et al. (2010) . These variables include biological and productive indices.
These variables are performance criteria, mostly calculated as rates or secondary variables. These are the outputs of the DEA model, which has a single and unitary input. The following variables were selected as outputs. Their values are summarized in Table 1 . 
Model
In this paper we used a unitary input DEA model, based on the approach proposed by Caporaletti et al. (1999) . In order to rank the counties in terms of their performance measures, according to selected criteria, we used the inverted DEA frontier model. The goal is to obtain a total order rather than getting the pre-order given by the classical efficiency measurement. For details on pre-orders and orders see, for instance, Barba-Romero & Pomerol (1997). Using a non-technical language, getting a strict order means to untie the originally efficient DMUs. The use of the inverted frontier, instead of other techniques to increase discrimination, is justified by the following issues:
(a) It is an increasing discrimination method that does not need the decision-makers value judgments, which reduces the subjectivity; (c) As we used a unitary input DEA model, the original DEA CCR would point out the DMU with the highest value in any of the outputs as efficient, neglecting the other variables. The inverted frontier also requires that a DMU must not have a bad performance in any of the outputs, in order to have a good performance measurement. Table 2 shows the efficiency measurements in relation to the original and to the inverted DEA frontiers, beyond the composite index. The composite index is normalized by its maximum value, in order to obtain measures that range from 0 to 1. The column "Ranking" is based on the results of the normalized composite index (column "Composite"). Table 2 was obtained using the SIAD software (Angulo Meza et al., 2005a, 2005b) . From the 21 beef cattle modal production systems evaluated, which performed only the cow-calf stage, seven were DEA efficient: Alvorada, Amambaí, Aquidauana, Catalão, Carlos Chagas, Niquelândia, and Uberaba. The DMUs Alvorada and Amambaí have the highest values of IVCI and MUBR. Alvorada also has the largest value of CBR. The highest values of the outputs CAL, STKR and EXTR are presented respectively by Aquidauana, Catalão and Niquelândia.
RESULTS
Uberaba and Niquelândia were efficient from the opposite point of view. Along with Corumbá, Itamarajú, Lavras do Sul, Porangatu and Uberlândia, these DMUs comprise the inverted frontier, i.e. these DMUs are the ones with the worst performances. Corumbá has the lowest values for all outputs, except the lowest number of calves, which belongs to Uberlândia.
According to the normalized composite performance index, Amambaí was the county with the best performer modal production system. This city had good performance both for biological and production indices. Taken individually, the modal system of this municipality did not provide any index better than other modal system. On the other hand, the modal system of the municipality of Itamarajú had the worst performance, according to the same criteria, although it was not the worst performer in the various indices discussed. The result is consistent with that observed by Abreu et al. (2006) . Abreu et al. (2010) identified four groups of beef cattle production systems, based on three husbandry and three production variables. The authors employed multivariate analysis and clusters methods to that end, as described by Zambrano and Lima (2004) . They noticed that two latent factors: "reproductive efficiency factor" and "shelf-life of beef cattle management factor". Through multivariate and canonical discriminant analysis, and considering 21 beef cattle systems that performed only the cow-calf phase and 11 that performed the complete cycle, Abreu et al.
(2011) found strongly discriminated groups. This analysis reflected the different technological levels of the cow-calf and of the complete cycle production systems in the country, from the most extensive in the Pantanal region to the more intensive ones.
In the DEA literature there are some proposals to group DMUs based on efficiency measures. One of these approaches is based on the isoefficiency layers, and is known as Tiered DEA model Table 3 summarizes the results of the use of the isoefficiency layers approach to group the cowcalf modal production systems, according to the efficiency measurements calculated by the unitary input DEA model. We found five clusters. It should be noted that, for these layers, we used only the results on the efficient frontier and ignored the results of the inverted frontier.
The systems belonging to Group 1 are characterized by shorter calving intervals and higher birth rates, both for cows as for multiparous, with a high number of calves produced within each scale of production. These systems were the best performers in relation to husbandry and production aspects. All systems belonging to this group had the best performance value in, at least, one indicator. The mean values for IVCI, MUBR, CBR, CAL, STKR and EXTR were, respectively, 15.7 months, 77%, 72%, 212 calves, 0.76 animal unit per hectare and 38%. These mean values are higher than those of the other groups. Group 2 modal systems have large scale of production, but negative correlation with other biological and productive indices. These systems are probably grounded in large extensive cow-calf herds with large number of cows and calves. The average of the calves produced in this group was similar to Group 1 (204 calves), but other indicators were lower.
On the other hand, the modal systems of Group 3 have as main feature the stocking rate to be negatively correlated (−0.74) with the extraction rate, which indicates systems in which the number of animals in the breeding herd tends to be excessive. These systems would need to adjust the stocking rate to achieve best performance indices. The average stocking rate was estimated at 0.75 animal unit per hectare, similar to that observed in Group 1, but with the lower zootechnical and productive performances.
Group 4 production systems show negative correlation between the extraction rate and the production indices IVCI (−0.75), MUBR (−0.75) and CBR (−0.94), but positive (0.70) between extraction rate and stocking rate. These systems likely have losses in animal production, because the efficient cow-calf production systems extraction rate should increase proportionally with the zootechnical indices best performance. The group, on average, has the lowest number of calves produced regarding the other groups.
The indices of the Itamarajú production system (Group 5) were handicapped, being among the worst performers, especially in relation to the birth rates of multiparous cows, which discard primiparous. This was the most inefficient system in the sample.
CONCLUDING REMARKS
In this paper we evaluated comparatively extensive livestock modal production systems that performed only the cow-calf stage. We measured the performance of these systems in 21 municipalities in Brazil, considering husbandry and production indicators. The unitary input DEA model with apparent input orientation, together with the efficiency measures generated by the inverted DEA frontier, allowed ranking these systems based on their performance. In accordance with the characteristics of this type of model, it can be said that this is a multicriteria approach to DEA.
The unitary input DEA model was also used to group the DMUs through isoefficiency layers. This approach enabled clustering the modal production systems, according to the efficiency measures. Each cluster can be understood as a cow-calf model production system typology. The results indicate that knowledge and processes management, managed together in a systemic way, are the most important factors for improving efficiency in beef cattle production systems.
Modal systems in Group 1 were characterized by outperforming others, both in husbandry (IVCI, MUBR and CBR), and in production variables (CAL, STKR and EXTR). Groups 2 and 3 had, respectively, CAL and STKR similar to that observed in Group 1, but with lower performance in other indicators. This probably occurred due to the Group 2 systems that are very extensive, with emphasis on the scale of production without balancing with other indices improvement. Modal systems of Group 3 showed high stocking rate in relation to the number of animals, which probably hampered the zootechnical performance and, consequently, the productive one. Group 4 systems had weak performances and negative correlations between husbandry variables and EXTR. This indicates the need of a general analysis of the managerial aspects, as the expected result is that the improvement of production indices should provide more efficiency and thus higher EXTR (positive correlation between variables). For systems of Group 4 it was the reverse. Probably the husbandry indices were not reflected directly in increasing the number of calves, which may result from loss of animals through the production process, signaling the need for more efficient management. The Itamarajú modal system (Group 5) showed lower performance in most of the variables considered.
The beef cattle production systems in Brazil are developed in almost all municipalities, which reflect the big range of production systems. Local conditions of natural resources, social and economic profile of the farmer, land ownership and land use, besides the economic conditions, are causes of differences in the systems. In regional terms, natural resources play a fundamental role in the classification of livestock systems. The use of DEA provided the proposal of typologies, which are important for public policies suggestions that may contribute to develop this economic activity. Future studies will include the socio-environmental analysis that will provide support to quantify sustainability, based on economic, social and environmental variables inherent to the activity.
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